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ABSTRACT 
THE OHIO STATE UNIVERSITY SCHOOL OF ALLIED MEDICAL PROFESSIONS 
The Evaluation of Multiple Impedance Thresholds on Cardiac Output 
and Perceived Exertion 
Richard D. Ha 
OBJECTIVE: The purposes of this study were to determine if relationships existed 
between cracking pressures of -7, -11, -15, and -19 cm H2O vs. cardiopulmonary 
physiologic parameters and Borg scale scores for healthy adults and to determine the 
maximum cracking pressure which does not produce a Borg score greater than 6. 
DESIGN: The study was designed as single blinded, randomized, and quasi-experimental 
with repeated measurements. Subjects served as their own controls. SETTING: 
Laboratory. SUBJECTS: 21 healthy, normotensive, normovolemic volunteers. 
METHODS: Subjects were continuously observed and monitored using bioimpedance for 
non-invasive cardiac output and heart rate, respiratory frequency and pulse oximetry.  
Subjects breathed through an Impedance Threshold Device (ITD) alternating between 
two-minute intervals of zero resistance and resistances of -7, -11, -15, and -19 cm H2O 
pressure.  For randomization, subjects selected pre-set ITDs from a set of 4.  During each 
level of resistance, maximum changes from baseline of cardiac output (CO), heart rate 
(HR), blood pressure (BP), respiratory rate (RR) and arterial oxygen saturation (SpO2) 
were recorded and subjects indicated their subjective feeling of exertion based on a Borg 
scale score from 1 to 10. RESULTS: There was a statistically significant strong negative 
correlation between cracking pressures and Borg scale scores (r = -0.814, p < 0.01). The 
percentage of subjects indicating a score of 6 or greater increased as the cracking 
pressures became more negative (0% - 43%). There were no statistically significant 
correlations between the cracking pressures and any of the physiological variables 
measured. An ANOVA analysis indicated that there were no statistically significant 
differences between the means of any physiological variables while subjects were 
breathing on the 5 cracking pressures. CONCLUSIONS: While the ITD can make 
normovolemic, normotensive, spontaneously breathing individuals feel like they are 
exerting more effort as the magnitude of its cracking pressure becomes more negative, 
there is no evidence to support that it causes any physiological changes within a 2 minute 
time period. 
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Chapter I  
Introduction 
Problem Statement 
Within the last five years, several studies have been conducted assessing the 
possibility of using induced negative intra-thoracic pressure to increase cardiac output 
(CO). Subatmospheric intrathoracic pressure, which is referred to as “negative pressure,” 
naturally occurs within a person’s thoracic cavity when they take an inspiration.1 Almost 
everyone must create a substantial amount of negative pressure within their thoracic 
cavity to allow airflow into their lungs. However, this negative intra-thoracic pressure can 
be increased to a greater intensity by adding some resistance to a person’s inspiration.2 It 
is believed that with this technique of inducing an increase in negative pressure within the 
thoracic cavity, blood return to the heart will increase.
3
 Because the heart receives more 
blood, the heart contracts more forcefully, due to the Frank Starling Mechanism, which 
increases its cardiac output.
1
 
It has been suggested that it may be possible to use negative intrathoracic pressure 
to treat people who are in a state of hypovolemia or hemorrhagic shock.
3, 4
 People, who 
are in these conditions, typically experience poor blood circulation within a short period 
of time. By temporarily increasing a person’s CO with the usage of induced negative 
intrathoracic pressure, it is believed that the survival times of people in these states will 
be increased.
4
 Researchers have suggested that negative intrathoracic pressure should be 
induced within these people with the aid of an impedance threshold device (ITD).
3, 4
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The ITD is a tool designed to temporarily increase the CO and stroke volume 
(SV) of someone’s heart by impeding their breathing for a short period of time each time 
they inhale through the device.
2-4
 Initially, when its user inhales through the device, an air 
seal within the ITD will prevent air from entering into their lungs.
2-4
 However, since the 
user’s lungs are continually expanding, the negative pressure decreases within their lungs. 
Eventually, the decreasing negative pressure within the user’s lungs will become low 
enough to cause the air seal within the ITD to crack open, allowing air to flow into their 
lungs.
2-4
 Each ITD is set to allow air to flow in at a specific “cracking pressure,” which is 
the term assigned to describe the amount of negative pressure one’s lungs must create 
before the ITD will “crack open” its air seal.2-4 Typically a person will only need to use a 
fraction of their generated negative pressure to overcome this cracking pressure. 
Despite the amount of research being done on the possible benefits of the ITD, 
there has been no clear standard as to what cracking pressures the ITD needs to be in 
order to enable its effects on CO and SV. As of now, we only know that an ITD should 
be set within a certain range of cracking pressures. For example, an article by Lurie 
suggests that the lowest possible cracking pressure that induces its hemodynamic effects 
should be used due to the possibility of operator error.
2
 However, in his conclusion he 
does not leave a decisive value as to what the cracking pressure should be and instead just 
suggests a pressure range of -5 to -15 cm H2O.
2
 Several other studies have been using an 
ITD with a cracking pressure of -7 cm H2O on people, but it had also been determined 
that people were willing to tolerate pressures of up to -20 cm H2O.
2, 3, 4
 Currently, there 
are several different versions of the ITD being sold for different situations that occur 
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within the hospital, with cracking pressures of -7, -10, and -16 cm H2O, but no baseline 
has been set as to what cracking pressure will allow a person with healthy, normal lungs 
to increase their CO and not experience a sensation of having to work hard to breathe (J. 
Flom, personal communication, April 13, 2007). 
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Chapter II 
Review of the Literature 
Literature was obtained from the internet service Pubmed and the on-line research 
database at The Ohio State University using the keywords, “impedance threshold 
device,” “negative intra-thoracic pressure,” “cardiac output,” and “modified Borg scale 
for perceived exertion.” The results of the searches were used to identify the feasibility of 
using an ITD to enhance CO, the set cracking pressures of the ITD used in previous 
experiments, and a scale that could be used to identify the amount of effort someone feels 
they are exerting when using an ITD. The results of the searches provided background 
information on the mechanism of the ITD itself, the physiological effects the ITD causes 
when someone is breathing on it, and the methods researchers used to measure the effects 
of the ITD. 
History of the ITD 
In 2003, Lurie et al assessed a prototypic ITD, which was called an “inspiratory 
threshold valve” at the time, in the project titled, “Evaluation of a Prototypic Inspiratory 
Impedance Threshold Valve Designed to Enhance the Efficiency of Cardiopulmonary 
Resuscitation.”2 The study focused on the testing of the durability and efficacy of the ITD. 
From their study, they found that the ITD was durable enough to use in a clinical setting 
in accordance to the “American Society for Testing and Materials (ASTM) and 
International Standards Organizations (ISO) guidelines.”2 They also found that the ITD 
did increase the magnitude of subatmospheric intrathoracic pressures within its user’s 
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chest cavities while they were undergoing active compression/decompression CPR.
2
 
After measuring the intrathoracic pressures generated by 6 anesthetized pigs, using an 
ITD with a cracking pressure set at -10 cm H2O, they recorded a -6 to -8 cm H2O 
decrease of intrathoracic pressure within those pigs.
2
 Therefore, it was assumed by Lurie 
that the ITD does decrease negative intrathoracic pressure and will not break easily when 
used in a clinical setting. 
In addition to proving that the ITD did decrease negative intrathoracic pressure, it 
was emphasized by Lurie that the lowest possible cracking pressure to achieve its 
hemodynamic benefit should be used. This point was emphasized because there was a 
possibility that a person, who was revived from CPR and did not have their spontaneous 
breathing recognized by their rescuer, may be forced to breathe through an ITD for a 
period of time.
2
 Therefore, the least amount of cracking pressure should be used so that a 
user of the device can spontaneously breathe without having to feel like they are 
struggling to breathe.
2
 The study determined that the cracking pressure should be set at -
10 cm H2O, because that allowed the most airflow through the ITD.
2
 However, this 
pressure was selected only on the basis of how much inspiratory airflow could flow 
through the ITD and not on how comfortable people felt when using the ITD.
2
 Also, 
Lurie noted that previous clinical trials, which studied the effects of the ITD on CPR, had 
the cracking pressures of the ITD being used set at -35 cm H2O and -24 cm H2O, which 
were at least two to three times higher in magnitude than the cracking pressure 
recommended by this study.
2
 This made it seem plausible that an ITD set at these 
pressures would not harm the subjects using the device. Unfortunately, further research 
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on a human subject’s tolerance to the higher pressures was not assessed because of 
Lurie’s emphasis on trying to keep the ITD’s cracking pressure as low as possible. In 
Lurie’s conclusion, it was suggested that an ITD with a cracking pressure of   -5 to -15 
cm H2O would be adequate enough to increase circulation throughout the body.
2
 
In 2004, Lurie et al focused on observing the physiologic effects of the ITD that 
occurred when it was being used by spontaneously breathing subjects. In the study, 
“Treatment of hypotension in pigs with an inspiratory impedance threshold device: A 
feasibility study,” thirty-nine female pigs were sedated, left to spontaneously breathe on 
their own, divided, and assigned to one of four groups.
3
 Each group had one of four 
experiments done on them. The experiments included studies on the effect of the ITD on 
systolic blood pressure (SBP) at the cracking pressures of 0, -5, -10, -15, and -20 cm H2O, 
the usage of a -12 cm H2O ITD on subjects that were bled to SBPs of 50 to 55 mm Hg 
(hypovolemic subjects), the effects of the ITD on a cardiac output value calculated from 
mixed venous and arterial blood gas values obtained from hypovolemic subjects, and the 
effects of the ITD on the cardiac output value obtained from the usage of the 
thermodilution method on hypovolemic subjects.
3
 The experiment evaluating the various 
cracking pressures was done first so that they could determine which cracking pressure 
they should use for the other three experiments.
3
 They measured their subject’s blood 
pressures (BP) continuously while the subject was breathing on ITD’s of different 
cracking pressure magnitudes according to the timeline as show in Table 1.
3
 The 
researchers then determined that they should select a cracking pressure of -12 cm 
H2O based on their observations of how difficult it was for the sedated pigs to breathe on 
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Table 1. The Experiment Timeline for Measuring Different Cracking Pressures 
2 min 2 min 2 min 2 min 2 min 2 min 2 min 2 min 2 min 
0 cm 
H2O 
-5 cm 
H2O 
-10 cm 
H2O 
-15 cm 
H2O 
-20 cm 
H2O 
-15 cm 
H2O 
-10 cm 
H2O 
-5 cm 
H2O 
0 cm 
H2O 
 
an ITD set at a cracking pressure of -20 cm H2O.
3
 From the four studies, it was concluded 
that increasing the magnitude of the cracking pressure set on the ITD did significantly 
increase the SBP of their subjects, the ITD did increase a hypovolemic subject’s BP 
(p<0.01), and the ITD did increase the cardiac output of the hypovolemic subjects by 
25% (p<0.01).
3
 A two minute interval was an adequate amount of time for the 
hemodynamic effects of the ITD to occur.
3
 Also, when comparing a group of pigs 
breathing on a -12 cm H2O ITD to a group of pigs who were breathing on a 0 cm H2O 
ITD, the SBPs were indistinguishable between the two groups after the group, using the -
12 cm H2O ITD, was taken off their ITD.
3
 Therefore, it is assumed that it only took a 
short amount of time for subjects to experience the effects of the ITD and recover from 
the effects of the ITD. 
In addition to these results though, there were a couple of negative issues with this 
study by Lurie. They found that the PaO2 levels within the hypovolemic pigs that were 
using an ITD decreased, on average, to 87 mm Hg from a baseline of 94 mm Hg.
3
 
However, Lurie indicated that the arterial oxygen saturation levels never decreased below 
88% within their subjects and that their subject’s PaO2 levels did closely return their 
initial baseline values, which was 93 mm Hg, after they were taken off the ITD.
3
 Also, 
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while measuring the hemodynamic effects of the various cracking pressures, the study 
only focused on recording the BP of the subjects and not the CO of the subjects.
3
 
In 2004, Covertino et al began to study the physiologic effects of the ITD on 
human subjects. The study, “Hemodynamics associated with breathing through an 
inspiratory impedance threshold device in human volunteers,” focused on the 
hemodynamic and respiratory responses of subjects who were spontaneously breathing 
through an ITD.
4
 Twenty subjects were asked to breathe through an ITD, with a cracking 
pressure set at -6 cm H2O, or a sham ITD, with a cracking pressure set at 0 cm H2O, 
while having their heart rate (HR), stroke volume (SV), arterial BP, and tidal volumes 
measured.
4
  
Multiple tools were used to measure the subject’s aforementioned physiological 
variables. Subjects breathed through both devices for five minutes at different times with 
an electrocardiogram (ECG), automated sphygmomanometer, and a thoracic electrical 
bioimpedance device attached to them.
4
 The ECG measured the subject’s HR, the 
automated sphygmomanometer measured the subject’s BP, and the thoracic electrical 
bioimpedance device measured the subject’s SV.4 The average SVs of ten cardiac cycles 
was determined to be the SV the subject had while breathing on the ITD.
4
 A CO was 
calculated by multiplying the average SV and the HR the subject had while they were 
breathing on the ITD.
4
 A turbine transducer, which was attached to the subject’s ITD, 
was used to measure the subject’s minute ventilation.4 A MKS pressure transducer was 
attached between the ITD and subject’s facemask to measure their respiratory rate (RR).4 
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Both the measured minute ventilations and RRs were used to calculate the tidal volumes 
of the subject.
4
  
Convertino’s study revealed that when subjects were breathing through the ITD, 
they had “higher SV (124 mL vs. 137 mL; p = 0.013), HR (63 beats/min vs. 68 
beats/min; p = 0.049), CO (7.69 L/min vs. 9.34 L/min; p = 0.001), and SBP (115 mm Hg 
vs. 122 mm Hg; p = 0.005)” than when they were breathing through the sham ITD.4 All 
of these effects occurred “without affecting the inspired minute ventilation (6.2 vs. 6.5 
L/min; p = 0.609). The study indicated that the ITD did have an influence on CO and 
could be used without altering the breathing pattern of their human subjects. Also, since 
all the cracking pressures used in other studies had used cracking pressures with a 
magnitude greater than -6 cm H2O and that the study’s human subjects experienced 
approximately a 1 L/min increase in CO when using the ITD, it was assumed that there 
should be at least a 1 L/min increase in CO for an ITD to be considered effective.
2-6
 
However, all of these values only correspond to an ITD with a cracking pressure set at -6 
cm H2O. There was no range of cracking pressures tested. Also there was no evaluation 
on how the subjects felt while they were breathing on the ITD. 
In 2007, Cooke et al studied the effects of the ITD on the autonomic 
cardiovascular system and cerebrovascular system in healthy subjects in the study titled, 
“Human Autonomic and Cerebrovascular Responses to Inspiratory Impedance.”5 The 
purpose of the study was to determine if the “autonomic cardiovascular system or 
dynamic cerebral autoregulation,” which can increase CO and HR during times of stress, 
was playing a role in influencing the cardiac effects of the ITD.
5
 The study had 8 subjects 
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breathe through an ITD, with a cracking pressure set at -6 cm H2O, or a sham ITD, with a 
set cracking pressure of 0 cm H2O, while they had their arterial BP, cerebral blood flow 
velocity (CBFV), muscle sympathetic nerve activity, end tidal CO2, and inspiratory 
pressure measured.
5
 Subjects randomly breathed through both devices at different times.
5
 
The study revealed that the ITD increased “mean arterial pressure (MAP) by 5 mm Hg, 
HR by 2 bpm, and mean CBFV by 10% (p < 0.05) without having any effect on muscle 
sympathetic nerve activity or estimates of vagal-cardiac control (p > 0.05).”5 The cardiac 
effects of the ITD were shown to be independent of the sympathetic system and vagal 
withdrawl.
5
 
In 2007, another study, conducted by Idris et al, focused on how much work of 
breathing was required for someone to breathe through an ITD.
6
 Twenty-nine people 
were required to spontaneously breathe through an ITD, with a cracking pressure set at -7 
cm H2O, or a sham ITD, with a cracking pressure of 0 cm H2O, while having their HR, 
RR, tidal volume, exhaled minute ventilation, inspiratory pressure, and inspiratory time 
measured.
6
 Subjects were found to have no significant differences in the HR, RR, tidal 
volume, or minute ventilation while breathing on the ITD or the sham.
6
 However, there 
was a higher “power of breathing,” the work of breathing done in a minute, requirement 
for subjects to breathe through the ITD than the sham.
6
 It required 8.18 J/min to breathe 
through the ITD and only 0.92 J/min to breathe through the sham.
6
 Idris suggested that, 
for healthy people, this power of breathing requirement was considered to be a tolerable 
amount of work.
6
 Since healthy people usually required a power of breathing of 80 J/min 
to do just moderate exercise, it was determined that healthy subjects should be able to 
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require the work of breathing required by the ITD set at a cracking pressure of -7 cm 
H2O.
6
 
 Another study in 2007 done by Rickards et al evaluated the effects of the ITD on 
CBFV.
7
 Eight subjects were exposed to lower body negative pressure (LBNP) to simulate 
reduced central blood volume.
7
 It was believed by the researchers that maintaining a 
person’s CBFV would increase their tolerance to reduced central blood volume which 
would delay their onset of presyncopal symptoms.
7
 During their exposure, the subjects 
had their HR, SV, SBP, diastolic blood pressure (DBP), CBFV of their right middle 
cerebral artery, end tidal CO2, and RR measured while they were breathing on a sham 
ITD or an ITD set at -7 cm H2O.
7
 Their CO was calculated multiplying the subject’s SV 
with their HR.
7
 The subjects breathed on both the sham ITD and the ITD set at -7 cm 
H2O and had their results compared to their LBNP baseline values with a student’s t-test 
and a two-way analysis of variance for repeated measures.
7
 From this study, it was found 
that the ITD did delay the onset of presyncopal symptoms (From 2,104 ± 106s to 2,259 ± 
138 s, P = 0.006) and increased the total oscillations of CBFV (active 45.6 ± 10.2 cm/s
2
 
vs. 22.1 ± 5.4 cm/s
2
, P = 0.004).
7
 However, the ITD did not maintain CBFV (sham, 44 ± 
4 cm/s vs. active, 47 ± 4 cm/s; P = 0.587).
7
 Therefore, it was concluded that the benefit of 
using the ITD did not result from any ability to maintain CBFV.
7
 The ITD worked on 
other physiological variables, possibly increasing the oscillations of CBFV, to delay its 
user’s presyncopal symptoms.7 
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Validation in Using Thoracic Electrical Bioimpedance to Measure Cardiac Output 
 In 2002, Sageman et al compared the measurement of CO between the 
thoracoelectric bioimpedance device (TEB) and thermodilution technique in the study 
titled, “Equivalence of Bioimpedance and Thermodilution in Measuring Cardiac Index 
After Cardiac Surgery.”8 Twenty post-cardiopulmonary bypass subjects were selected to 
have their cardiac output continuously measured with a TEB and the thermodilution 
technique simultaneously.
8
 The TEB “provided a near-continuous measure of CO and 
cardiac index by measuring SV of each heartbeat and averaging that over a number 
(chosen by the user) of cardiac cycles.”8 It was a non-invasive device that could calculate 
the CO of the subject by measuring the SV it detected through its chest and neck 
electrodes attached to the subject.
8
 The thermodilution technique monitored CO 
invasively. It was already known that the thermodilution technique was merely an 
estimate of cardiac function, but the gold standard Fick measurement of cardiac index 
was very difficult to perform in an ICU.
8
 Therefore, Sageman decided to compare the 
TEB device to the thermodilution technique to make a clinically realistic comparison.
8
 
The cardiac outputs of the subjects acquired by the two devices were evaluated using 
linear regression, Lin’s concordance correlation coefficient, bias, and precision measures 
for data.
8
 The difference between the cardiac outputs, measured by the two devices, for 
each subject was also calculated.
8
 
It was found that the TEB and thermodilution technique did not have much 
difference between their measurements of cardiac output. There was a linear relationship 
between the TEB and thermodilution technique, the measurements of the TEB did not 
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differ clinically from the measurements acquired by the thermodilution technique, and the 
TEB and thermodilution technique measurements were equivalent for all patients.
8
 The 
COs calculated by the TEB and thermodilution technique were linear in regression and 
had a Lin’s concordance of 0.99.8 The measurements had a bias of 0.07 L/min/m2 and a 
precision of 0.4 L/min/m2, which were believed by Sageman, to be within acceptable 
clinical limits.
8
 Therefore, the study concluded that the measurements done by the TEB 
were equivalent to the thermodilution cardiac index in post operative cardiac surgery 
patients.
8
 It was deemed as an acceptable form of non-invasive monitoring of CO. 
Validation in Using the Modified Borg Scale to Evaluate a Subject’s Perceived 
Exertion 
 In 2007, Grant et al compared the reproducibility of results of the visual analogue 
scale (VAS), modified Borg scale, and Likert scale (LS) in the study titled, “A 
Comparison of the Reproducibility and the Sensitivity to Change of Visual Analogue 
Scales, Borg Scales, and Likert Scales in Normal Subjects During Submaximal 
Exercise.”9 The study evaluated twenty-three males with the VAS, Borg scale, and LS 
while they were doing submaximal activities.
9
 Submaximal activites were defined as 
activities that stimulate normal every day life.
9
 A subject’s submaximal activities 
protocol was determined based on their VO2 max, HR, and respiratory exchange ratio 
that was measured while they underwent a symptom-limited maximal treadmill test.
9
 A 
submaximal activity was an activity that required 60% of the subject’s VO2 max for an 
initial 2 minute period and then 70% of the subject’s VO2 max for a 6 minute period.
9
 
Subjects were evaluated once a week for a four week period.
9
 During each evaluation, 
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subjects did four identical submaximal trials and reported their VAS, Borg scale, and LS 
scores.
9
 Two of the submaximal trial results were used to assess the reproducibility, the 
proportion of total variance reported as a percentage, of the subject’s answers.9 The other 
two submaximal trial results were used to assess the sensitivity to change the VAS, Borg 
scale, and LS was able to identify after the subjects took propranolol, which increased a 
subject’s sense of breathlessness and fatigue, or a placebo.9 Overall, it was found that, out 
of the three scales evaluated, the VAS yielded the most reproducible results. The VAS 
was the suggested to be the best to scale to use due to its reproducibility coefficient of 
78%.
9
 However, the Borg scale was suggested to be the scale that was most sensitive 
towards detecting general fatigue.
9
 Therefore, it could be assumed that the Borg scale is 
suitable for use towards detecting the amount of work a subject feels they are exerting. 
Possible Applications of the ITD on Healthy, Normovolemic, Normotensive People 
 In 2005, Convertino et al. compiled a review considering the usage of the ITD on 
people experiencing acute hypovolemia in his review article titled, “Inspiratory 
Resistance as a Potential Treatment for Orthostatic Intolerance and Hemorrhagic 
Shock.”10 Convertino suggests that the ITD could provide a suitable way to “reduce 
postflight orthostatic hypotension in astronauts, and to support brain perfusion in victims 
of severe traumatic blood loss.” 10 The main function of the ITD, which is to improve 
blood perfusion, may provide a prophylactic effect on conditions where a sudden 
decrease in blood perfusion is evident. Based on his evaluation of previous studies, which 
included observations on the ability to use the chest “as an Active Vacuum Pump,” 
“changes of central hemodynamics during resistive breathing,” autonomic function of 
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people while breathing on an ITD, changes of cerebral blood flow perfusion while 
breathing on an ITD, effects of the ITD on people experiencing orthostatic stress, and 
effects of inspiratory resistance on people experiencing simulated central blood loss, 
Convertino came to the general conclusion that the ITD would be able to sustain enough 
blood perfusion to “restore central blood volume.” 10 The results of these other studies 
showed that the ITD could be used to improve blood perfusion. 
The review highlighted several facts. While humans breathe on the ITD, the 
negative pressure inside the chest “decreases left ventricular and right atrial pressures, 
consequently increasing left ventricular preload and SV index,”10 Breathing on the ITD 
causes the HR, SV, and CO to increase and the total peripheral resistance (TPR) to 
decrease.
10
 The ITD has the ability to reduce muscle sympathetic nerve activity (MSNA), 
which could make it “an effective countermeasure against syncope and hemorrhagic 
shock,” and it increases mean CBFV.10 Also, it was demonstrated that humans, who were 
breathing on the ITD, could sustain or increase blood perfusion while they were 
experiencing orthostatic stress LBNP.
10
 These facts support Convertino’s assumption that 
the ITD could be “used to reduce postflight orthostatic hypotension in astronauts and to 
support brain perfusion in victims of severe traumatic blood loss.”10 Convertino’s review 
provides enough evidence to suggest that the ITD could be used to manage acute 
hypotensive conditions. 
In 2005, Eiken et al. did further studies on the relationship between motion 
sickness and blood pressure in his article titled, “Motion Sickness Decreases Arterial 
Pressure and Therefore Acceleration Tolerance.”11 Eiken observed the effects of motion 
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sickness (MS) on arterial pressure.
11
 Nine healthy men were exposed to an increased G 
load, G tolerance, until they could no longer tolerate it while having their mean arterial 
pressure (MAP), HR, electromyographic activity (EMG), the difference in skin 
temperature between their forearm and tip of their second finger (∆Tforearm-fingertip), and 
motion sickness ratings measured.
11
 The men were exposed to an increased G load by 
being centrifuged.
11
 The subjects underwent centrifugation two times. They had a motion 
sickness provocation (MSP) run and a control (CTRL) run.
11
 During the MSP run, 
subjects were exposed to an alternated G load “between 1.4 and 2.5 G at 15-s intervals… 
[while they were] instructed to turn [their] head to the left and right and to tilt [their] head 
up and down.”11 Subjects were exposed to conditions that were intended to make them 
motion sick during the MSP run. During the control run, the G load was increased slowly 
“by 0.05 G • s-1 from 1.4 to 2.5 G and was maintained at this level for 5 min.11 The G 
load was then decreased by 0.05 G • s-1 to +1.4 G and maintained at this G level for 5 
min… [while the subjects were] instructed to forward and keep [their] head still.”11 The 
subjects were exposed to a “cumulative” amount of G load over time without MSP.11 
While the subjects underwent MSP during centrifugation, their ability to tolerate G load 
decreased from 5.1 ± 1.0 G (mean ± SD) to 4.6 ± 0.9 G.
 11
 Also, their MAP decreased by 
11 mm Hg and their ∆Tforearm-fingertip, decreased by 4.2 ± 4.1 ˚C.
11
 There were no changes 
in the subjects’ ability to tolerate G load, MAP, or ∆Tforearm-fingertip. Although HR was not 
significantly reduced, the decrease in MAP suggests that there likely is a relationship 
between cardiovascular function and MS.
11
 Eiken concludes that the reduction of arterial 
pressure, which appears to have a relationship with MS, causes an individual to have a 
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decreased capability of withstanding “increased G loads in the head-to-foot direction.”11 
Blood perfusion appears to decrease as they begin to feel MS. 
The Negative Aspect of Using Drugs to Treat Motion Sickness  
In 2004, Buckey et al. conducted a drug study on the effects of Chlorpheniramine 
on MS in his study titled, “Chlorpheniramine for motion sickness.”12 The study was “a 
placebo-controlled, double-blind, dose-ranging trial… to establish the most effective dose 
and the drug’s effects on cognition.”12 Subjects had no idea what drug dosage they were 
receiving. “Eighteen normal, [MS] susceptible subjects either received a placebo, low 
dose, or high dose” before being centrifuged by off-axis vertical rotation.12 Each subject 
went through three trials and received a different dosage of the drug each time they had a 
new trial. The results showed that the drug was an effective agent against MS because 
subjects were able to increase the time they spent on off-axis vertical rotation by an 
average of at least 3 minutes with the low or high dose of the drug.
12
 When subjects 
consumed the drug, it took a longer time for the onset of MS to occur. However, 
“subjects reported significantly more sleepiness and less alertness with high-dose 
chlorpheniramine.”12 For people who take an excessive amount of chlorepheniramine, 
they will encounter the same side effects as other drugs used to treat MS. Therefore, 
while Buckey concluded that chlorepheniramine could possibly be used as an effective 
transdermal agent against MS, the results show that there is still the potential that it could 
cause similar sedative side effects as it predecessors, such as scopolamine, 
dymendydrinate, promethazine, if the dosage is too high.
12
 The current drugs available to 
treat MS still appear to have the potential to cause sedative side effects. 
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Summary of Conclusions Based on the Literature 
In no single study has there been an attempt to assess the CO or the subject’s 
subjective response to multiple cracking pressures of the ITD. Convertino studied the 
effects of the ITD on cardiac output and demonstrated that the usage of a TEB could help 
evaluate changes in CO, but the study was limited to evaluating the subject’s CO when 
using only one cracking pressure, set at -6 cm H2O.
4, 8
 There was also no evaluation done 
by Convertino on how their subjects felt when using the ITD.
4
 The study by Lurie did 
evaluate multiple cracking pressures of the ITD’s on a subject’s blood pressures, but the 
subject’s COs were not measured.3 Also, the subjects that were being studied were pigs.3 
All of their data on how the pigs reacted to the ITD was based on objective assumptions 
only.
3
 It appears that an evaluation of the ITD’s effect on CO from multiple cracking 
pressures has not been done on humans yet. This type of study could give us more 
information towards our understanding on how the ITD affects human physiology.
3
 Also, 
no study, measuring CO, has had enough subjects to show any statistically significant 
changes. Rickards study, evaluated people’s CO, but their usage of eight subjects did not 
show any statistically significant changes in CO and did not focus on CO.
7
 Considering 
that Lurie’s evaluation of the ITD’s effect on a pig’s BP from multiple cracking pressures 
helped them find a cracking pressure, -12 cm H2O, that increased a pig’s BP and not 
make them appear visibly distressed, there was a possibility that a similar experiment 
done on humans could lead to the discovery of a cracking pressure that increased their 
CO and not make them work too hard to breathe, which was usually defined as 6 in the 
modified Borg scale for perceived exertion.
3, 13
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Evaluating a subject’s subjective response, by using the modified Borg scale for 
perceived exertion, to multiple ITD cracking pressures could give valuable insight on 
how the cracking pressures of the ITD should be set. As indicated in Idris’s study, the 
amount of power someone needed to use an ITD, with a cracking pressure of -7 cm H2O, 
should be well below 80 J/min, which Idris defined as the amount of power needed to 
have an adequate minute ventilation to perform moderate exercise.
6
 In the modified Borg 
scale for perceived exertion, moderate exertion is listed as a score of 3.
9
 Therefore, it 
could be assumed that the power of breathing required to breathe through an ITD, with a 
cracking pressure set at -7 cm H2O, should be less than 3. Lurie indicated that the 
cracking pressure set on the ITD should cause as little exertion as possible.
2
 Therefore, it 
was assumed that an ideal amount of exertion expended to use the ITD should be less 
than a modified Borg scale score of 3 because the scale indicates that the subject is only 
exerting only a slight effort at that point.
10
 Since people, who indicate that their score is a 
6 on the modified Borg scale, are expected to slow down or stop their current activity, it 
could be assumed that people who had that same score while breathing on an ITD should 
stop breathing on it as well.
13
 Unfortunately, Idris’s study only focused on an ITD with a 
cracking pressure of -7 cm H2O and the modified Borg scale was never used to evaluate 
someone’s exertion while breathing through the ITD. The application of the modified 
Borg scale, on an experiment that evaluates the subject’s response to multiple cracking 
pressures, would allow the subject’s sensation of exertion to be quantified and would help 
indicate which set cracking pressures of the ITD make it tough for human subjects to 
breathe on it. 
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As seen in all the previous articles involving the ITD, various cracking pressures 
were assigned to the ITD’s used in the experiments. It had already been established that 
the ITD does decrease negative intrathoracic pressure, allow its hemodynamic effects to 
occur without influence from the sympathetic system or vagal withdrawl, and that it 
could cause at least a 1 L/min increase in cardiac output with an ITD set at a cracking 
pressure of -6 cm H2O. However, there seems to be no consensus as to what cracking 
pressure should be used to cause its cardiac effects. With the exception of Lurie’s 
evaluation of how the multiple cracking pressure settings on the ITD’s affected the 
hemodynamics of the study’s pig subjects, only one cracking pressure was used for each 
study. Unfortunately, there were several cracking pressure settings being used for each of 
these studies.
3-6
 The cracking pressures used in the aforementioned articles were set at -6, 
-7, -10, and -12 cm H2O.
3-6
 Lurie also suggested cracking pressures between -5 to -15 cm 
H2O, but also noted that human subjects had used cracking pressures set up to -35 cm 
H2O.
2
 The effectiveness, the amount of CO increase, tolerability, and the amount of 
exertion a subject indicates in accordance to the Borg scale of the different cracking 
pressures set on the ITD should be compared. Since Lurie’s previous study that involved 
multiple cracking pressures had its subjects breathing on cracking pressures that were -5 
cm H2O apart in magnitude, it was assumed that the cracking pressures evaluated should 
also be as close to -5 cm H2O apart in magnitude as possible.
3
 Also, Lurie’s study had a 
range of cracking pressures between 0 to -20 cm H2O.
3
 Therefore, it was assumed that the 
cracking pressures tested should be within that range. By evaluating the CO and the 
perceived exertion Borg scale score of the subjects using multiple ITD’s set at different 
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cracking pressures, within the range of 0 to -20 cm H2O, it was believed that a cracking 
pressure, which increases the cardiac output of its human subjects by 1 L/min and does 
not make the subject’s modified Borg scale for perceived exertion score go above 3, will 
be identified. 
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Chapter III 
Methods 
 The study was designed as a single blinded, randomized, and quasi-experimental 
with repeated measurements. Subjects served as their own controls. The study was 
conducted with the purpose of finding out what physiological changes can occur while 
healthy, normotensive individuals breathe on an ITD. It was approved by the IRB as 
protocol number 2008H012 by expedited review under 45 CFR 46.110(b)(1), see 
Appendix A. 
Objectives of the Study 
Objective:  To find the cracking pressure, that should be set on an ITD, which would 
allow someone with healthy normal lungs to experience a maximal 
amount of CO increase, greater than 1 L/min, without having them felt 
that they were exerting an effort equivalent to a modified Borg scale for 
perceived exertion score of 3 or above. 
Hypotheses: 1)  There would be a statistically significant correlation between the 
magnitudes of set cracking pressures, BPs, and CO for subjects with 
normal lungs.  
                      2)  Subjects would be able to breathe through a cracking pressure setting of 
-19 cm H2O and would not indicate that they had a modified Borg scale 
for perceived exertion score of 6 or above. 
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                      3)  There would be a statistically significant correlation between the 
magnitudes of set cracking pressures and the subject’s reported scores 
based on the modified Borg scale for perceived exertion. 
Research Questions: 1)  Was there a statistically significant correlation between the 
magnitudes of set cracking pressures, BP, and CO for subjects 
with normal lungs? 
2)  Would subjects be able to breathe through the following 
cracking pressure settings of 0, -7, -11, -15, and -19 cm H2O 
and not indicate that they have a modified Borg scale for 
perceived exertion score of 6 or above? 
3) Was there a statistically significant correlation between the 
magnitudes of set cracking pressures and the subject’s reported 
scores based on the modified Borg scale for perceived 
exertion? 
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Population and Sample 
Human subjects were recruited from amongst people residing in Columbus, Ohio 
by “word of mouth,” e-mail, and fliers posted at the School of Allied Medical Professions 
during the summer of 2008. On the fliers and e-mails, see Appendix C, it was noted that a 
research project was being conducted on people who were 18 or older, healthy, 
nonsmoking, nonpregnant, and capable of walking for 20 minutes. Also, the volunteers 
that qualified for the study would be eligible to receive one of two $25.00 VISA debit 
cards by raffle. People willing to volunteer for the study were requested to call or e-mail 
the contact information listed on the fliers and e-mails to indicate their interest. 
To qualify to participate in the study, volunteers were to be above the age of 18 and 
physically healthy. They were considered to be physically healthy if they indicated that 
they were normotensive, nonpregnant individuals who had no reported history of 
cardiopulmonary abnormalities during their screenings. When a volunteer called or sent 
an e-mail indicating their interest in becoming a subject, they were sent a list of screening 
questions. They were asked: 
1. Are you at least 18 years old? 
2. Have you ever had any health problems with your heart or lungs? 
3. Do you smoke? 
4. Are you pregnant or do you suspect that you may be pregnant? 
5. Have you had any trouble walking for twenty minutes? 
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When the volunteer answered, “Yes” for the first question and, “No” for the rest of the 
questions, the subject passed the initial screening. They were then scheduled to come into 
the lab in room 438 Atwell Hall, sent a consent form and sent an information sheet 
explaining the study procedures. 
At the lab, volunteers underwent a second screening. After briefly explaining the 
experiment and acquiring written consent, a pulse oximeter, BP cuff, and 13 leads from 
an EKG and non-invasive CO monitor (ICG BioZ module) were placed on the volunteers 
to check their initial measurements before the start of experimentation. Also, the 
volunteers were asked their age, height, and weight because those variables affected the 
outcome of the measurements that were calculated by the ICG BioZ Module. The 
volunteers had to have a BP between 90/60 to 130/85, an arterial oxygen saturation level 
of at least 95%, a HR between 60 to 100 beats/min, a CO between 3 to 6 Liters/min, and 
a RR between 12 to 20 breaths/min in order to continue the experiment. At this point 
volunteers were considered “subjects” that qualified for the study. Qualified subjects 
were instructed to keep on the measuring devices used to screen them when the 
experiment started. 
Methodology 
At the start of the study, subjects were instructed to put on nose clips and form a 
tight seal with their lips around the mouthpiece of a “baseline” ITD for 2 minutes. This 
baseline ITD offered no resistance. It had a cracking pressure of 0 cm H2O. However, 
subjects were unaware of the setting of this ITD and were encouraged to continue 
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breathing though the device despite any resistances they might have felt. While the 
subjects breathed on this baseline ITD, their BP, arterial oxygen saturations, RR, HR, and 
CO were continuously monitored. After 2 minutes, these measurements were recorded 
from the ICG BioZ Module. In addition to these recorded measurements, subjects 
verbally indicated their modified Borg Scale for Perceived Exertion score. This score, 
along with the setting of the ITD, was written on the sheet that contained the recorded 
measurements. 
After the subjects’ measurements were recorded from this baseline, subjects were 
then instructed to randomly select a pre-set ITD to breathe on for 2 minutes. The ITDs 
had cracking pressures pre-set to either -7,-11, -15, or -19 cm H2O. The subjects were 
unaware of the settings of these ITDs. Since the settings of these ITDs were based on the 
different colored pieces of electrical tape that were put on them, only the investigator 
knew what the colors meant. The subjects blindly selected one of these ITDs from a box 
and started to breathe on it whenever they were ready. They were given time to get a 
drink of water or rest before they started breathing on the ITD they selected. Subjects 
breathed on this randomly selected device for at least 2 minutes while having their BP, 
arterial oxygen saturations, RR, HR, and CO continuously monitored. These 
measurements were the same physiological measurements that were recorded while the 
subjects were breathing on the baseline ITD. On occasion, some subjects were instructed 
to breathe on this randomly selected ITD for more than 2 minutes when there was a need 
to wait for the BP cuff to inflate or adjust some of the EKG/ICG BioZ Module leads. 
After a minimum of 2 minutes, the measurements were recorded, their verbally indicated 
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Borg score was written, and the setting of the ITD was recorded. Also, the used ITD was 
set aside and no longer available for selection. 
After breathing on each ITD, subjects were instructed to breathe on the baseline 
ITD again until their physiological measurements were the same as their baseline values. 
Although this time was originally set up to be a 2 minute period, sometimes subjects were 
instructed to breathe on the baseline ITD for a longer period of time to allow more time 
for their body to adjust back towards its baseline measurements. Once the subjects’ Borg 
scores and physiological measurements returned near their baseline values for a 
minimum of 2 minutes, their physiological measurements were recorded, subjects were 
then asked to repeat the process of selecting a random ITD from the box. The processed 
is summarized in Table 2. 
Table 2. Experiment Timeline. 
2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min 2 min 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline 
 
Instrumentation 
The ICG BioZ Module, see Figure 1, is a non-invasive cardiac output monitor that uses a 
combination of the EKG and TEB devices to measure a subject’s CO. It measures a 
subject’s CO non-invasively.  
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Figure 1. ICG BioZ Module. 
 
Thirteen electrical leads were placed on a subject’s neck and chest. The EKG had 
5 leads that need to be attached to the chest, see Figures 2. These leads were used to 
measure HR and RR. The HR was used to calculate the CO. The 8 TEB leads were used 
to detect SV of the heart, see Figure 3. The ICG BioZ module required the leads to be 
 Figure 2 EKG Leads. 
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placed on the neck and ribcage, see Figure 4. The SV, which was determined by 
Figure 3. ICG BioZ leads.     Figure 4. ICG BioZ lead placements. 
  
averaging the SV acquired from a set number of cardiac cycles, were used to calculate the 
subject’s CO.4 The CO was calculated by multiplying the subject’s HR times their 
averaged SV.
8
 
 In addition to the ICG BioZ Module, two other instruments were added to the 
apparatus to measure BP and SpO2. The type of blood pressure cuff used was a self-
inflating BP cuff that could be activated when needed, as seen in Figure 5.  
Figure 5. Self inflating blood pressure cuff. 
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The pulse oximeter, as seen in Figure 6, was used to measure the subject’s arterial blood 
saturation and HR. It used a padded clip to attach to the subject’s finger. 
Figure 6. Pulse Oximeter. 
 
With the usage of an LED light and photoreceptors, it was able to give an estimation of 
oxygen saturation in arterial blood. 
The ITD, as seen in Figure 7, was used to provide variable inspiratory cracking 
pressures to the subjects. These particular ITDs were marketed as inspiraratory muscle 
trainers. It used a spring and diaphragm to impede a person’s inhalation until they created 
Figure 7. The ITD designed by Threshold.  
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a certain amount of subatmospheric intrathoracic pressure in their lungs. The cracking 
pressure on the ITD could be adjusted to different magnitudes of cracking pressures from 
-7 cm H2O to -41 cm H2O. Cracking pressures were marked in increments of two, 
limiting the possible cracking pressure settings the ITD could be set on. The cracking 
pressure settings of the ITD that were within the range of 0 to -20 cm H2O and had a 
separation somewhat close to 5 cm H2O were determined to be -7, -11, -15, and -19 cm 
H2O. The settings of each ITD were verified using a Negative Inspiratory Force meter 
and a 3L syringe. The settings of the ITDs were assigned to different colors, as shown in 
Figure 8. White = baseline 0, Blue = -7, Green = -11, Orange = -15, and Red = -19. 
Figure 8. The color assignment of the ITD. 
 
The modified Borg Scale for Perceived Exertion, as seen in Table 3, was used to assess 
the effort subjects felt that they have to exert while breathing through the ITD. It was a 
scale that had been commonly used to rate “how [the] whole body [felt] in response to an 
activity.”10 It is a 12 point scale that ranged from a score of 0 to a score of 10. Only 10 of 
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the 12 points were labeled with words indicating a perceived exertion status. A rating of 0 
indicated that the subjects felt that they did not have to exert any effort at all while 
breathing through the ITD. A rating of 10 indicated that the subjects felt that they had to 
exert so much effort to breathe through the ITD that they just could not use it anymore.  
Table 3. The Modified Borg Scale for Perceived Exertion 
0 No effort 
0.5 Very, very slight effort (just noticeable) 
1 Very slight effort 
2 Slight effort 
3 Moderate effort 
4 Somewhat strong effort 
5 Strong effort 
6 Very strong effort 
7  
8  
9 Very, very strong effort (almost maximal effort) 
10 Maximal effort 
 
Data Analysis 
To identify the characteristics of the sample, the means and standard deviations of 
the subjects’ physiological variables were calculated and compared to normal values for 
age and gender. 
To determine if there was a significant relationship or difference between Borg 
scores and cracking pressures, a Pierson correlation coefficient was calculated and an 
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analysis of variance was performed. Also, the percentage of Borg scores over “very 
strong effort,” was calculated to see if there was a variable difference between the 
cracking pressures as they became more negative. Any significant differences were 
evaluated with a Tukey’s Post-hoc. 
To determine if there was a significant relationship or difference between 
cracking pressures and the physiological variables a Pierson correlation coefficient was 
calculated and an analysis of variance (ANOVA) was performed. During the study, if the 
ICG BioZ Module was incapable of making a proper reading, the cardiac output 
evaluated at the time was not included along with the other measurements during that 
particular time. 
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Chapter IV 
Description of the Study 
Introduction 
Problem Statement 
Within the last five years, several studies have been conducted assessing the 
possibility of using induced negative intra-thoracic pressure to increase cardiac output 
(CO). Subatmospheric intrathoracic pressure, which is referred to as “negative pressure,” 
naturally occurs within a person’s thoracic cavity when they take an inspiration.1 Almost 
everyone must create a substantial amount of negative pressure within their thoracic 
cavity to allow airflow into their lungs. However, this negative intra-thoracic pressure can 
be increased to a greater intensity by adding some resistance to a person’s inspiration.2 It 
is believed that with this technique of inducing an increase in negative pressure within the 
thoracic cavity, blood return to the heart will increase.
3
 Because the heart receives more 
blood, the heart contracts more forcefully, due to the Frank Starling Mechanism, which 
increases its cardiac output.
1
 
It has been suggested that it may be possible to use negative intrathoracic pressure 
to treat people who are in a state of hypovolemia or hypotension.
3-5
 People, who are in 
these conditions, typically experience poor blood circulation within a short period of time. 
By temporarily increasing a person’s CO with the usage of induced negative intrathoracic 
pressure, it is believed that the effects of hypovolemia or hypotension will be delayed.
4
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Researchers have suggested that negative intrathoracic pressure should be induced within 
these people with the aid of an impedance threshold device (ITD).
3-5
 
The ITD is a tool designed to temporarily increase the CO and stroke volume 
(SV) of someone’s heart by impeding their breathing for a short period of time each time 
they inhale through the device.
2-4
 Initially, when its user inhales through the device, an air 
seal within the ITD will prevent air from entering into their lungs.
2-4
 However, since the 
user’s lungs are continually expanding, the negative pressure decreases within their lungs. 
Eventually, the decreasing negative pressure within the user’s lungs will become low 
enough to cause the air seal within the ITD to crack open, allowing air to flow into their 
lungs.
2-4
 Each ITD is set to allow air to flow in at a specific “cracking pressure,” which is 
the term assigned to describe the amount of negative pressure one’s lungs must create 
before the ITD will “crack open” its air seal.2-4 Typically a person will only need to use a 
fraction of their generated negative pressure to overcome this cracking pressure. 
Despite the amount of research being done on the possible benefits of the ITD, 
there has been no clear standard as to what cracking pressures the ITD needs to be in 
order to enable its effects on CO and SV. As of now, we only know that an ITD should 
be set within a certain range of cracking pressures. For example, an article by Lurie 
suggests that the lowest possible cracking pressure that induces its hemodynamic effects 
should be used due to the possibility of operator error.
2
 However, in his conclusion he 
does not leave a decisive value as to what the cracking pressure should be and instead just 
suggests a pressure range of -5 to -15 cm H2O.
2
 Several other studies have been using an 
ITD with a cracking pressure of -7 cm H2O on people, but it had also been determined 
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that people were willing to tolerate pressures of up to -20 cm H2O.
2-4
 Currently, there are 
several different versions of the ITD being sold for different situations that occur within 
the hospital, with cracking pressures of -7, -10, and -16 cm H2O, but no baseline has been 
set as to what cracking pressure will allow a person with healthy, normal lungs to 
increase their CO and not experience a sensation of having to work hard to breathe.  
The objectives of this study were to find the cracking pressure, that should be set 
on an ITD, which would allow someone with healthy normal lungs to experience a 
maximal amount of acute CO increase, greater than 1 L/min, without having them feel 
that they are exerting an effort equivalent to a modified Borg scale for perceived exertion 
score of 3 or above.  
To accomplish the objectives, the following three hypotheses were tested; 1) 
There would be a statistically significant correlation between the magnitudes of set 
cracking pressures, blood pressures (BP), and CO for subjects with normal lungs. 2) 
Subjects would be able to breathe through a cracking pressure setting of -19 cm H2O and 
would not indicate that they have a modified Borg scale for perceived exertion score of 6 
or above.  3) There would be a statistically significant correlation between the 
magnitudes of set cracking pressures and the subject’s reported scores based on the 
modified Borg scale for perceived exertion. 
This study was also conducted with the purpose of finding out what physiological 
changes would occur while healthy, normotensive individuals breathed on an ITD, which 
lead to the following three questions; 1) Was there a statistically significant correlation 
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between the magnitudes of set cracking pressures, BP, and CO for subjects with normal 
lungs? 2) Would subjects be able to breathe through the following cracking pressure 
settings of 0, -7, -11, -15, and -19 cm H2O and not indicate that they had a modified Borg 
scale for perceived exertion score of 6 or above? 3) Would there a statistically significant 
correlation between the magnitudes of set cracking pressures and the subject’s reported 
scores based on the modified Borg scale for perceived exertion? 
Methods 
Subjects 
Human subjects were recruited from amongst people residing in Columbus, Ohio 
by “word of mouth,” e-mail, and fliers posted at the School of Allied Medical Professions 
during the summer of 2008. To qualify for participation in the study, volunteers were to 
be 18 or older, healthy, nonsmoking, nonpregnant, and capable of walking for 20 minutes. 
Subjects had to give written consent before having their physiological values measured. 
A pulse oximeter, BP cuff, and 13 leads from an EKG and non-invasive CO monitor 
(ICG BioZ module) were placed on the volunteers to check their initial measurements 
before the start of experimentation. Also, the volunteers were asked their age, height, and 
weight because those variables affected the outcome of the measurements that were 
calculated by the ICG BioZ Module. The volunteers had to have a BP between 90/60 to 
130/85, an arterial oxygen saturation level of at least 95%, a heart rate (HR) between 60 
to 100 beats/min, a CO between 3 to 6 Liters/min, and a respiratory rate (RR) between 12 
to 20 breaths/min in order to continue the experiment. Qualified subjects were instructed 
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to keep on the measuring devices used to screen them when the experiment started. The 
experimental procedures of this study on human subjects were reviewed and approved by 
the Biomedical Institutional Review Board of The Ohio State University.  
Protocol 
The study was designed as a single blinded, randomized, and quasi-experimental 
with repeated measurements. Subjects served as their own controls.  
At the start of the study, subjects were instructed to put on nose clips and form a 
tight seal with their lips around the mouthpiece of a “baseline” ITD for two minutes. This 
baseline ITD offered had a cracking pressure of 0 cm H2O. However, subjects were 
unaware of the setting of this ITD and were encouraged to continue breathing though the 
device despite any resistances they might have felt. While the subjects breathed on this 
baseline ITD, their BP, arterial oxygen saturations, RR, HR, cardiac index (CI) and CO 
were continuously monitored. After 2 minutes, these measurements were recorded from 
the ICG BioZ Module. In addition to these recorded measurements, subjects verbally 
indicated their modified Borg Scale for Perceived Exertion score. This score, along with 
the setting of the ITD, was written on the sheet that contained the recorded measurements. 
After the subjects’ measurements were recorded from this baseline, subjects were 
then instructed to randomly select a pre-set ITD to breathe on for 2 minutes. The ITDs 
had cracking pressures pre-set to either -7,-11, -15, or -19 cm H2O. The subjects were 
unaware of the settings of these ITDs. Since the settings of these ITDs were based on the 
different colored pieces of electrical tape that were put on them, only the investigator 
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knew what the colors meant. The subjects blindly selected one of these ITDs from a box 
and started to breathe on it whenever they were ready. Subjects breathed on this 
randomly selected device for at least 2 minutes while having their BP, arterial oxygen 
saturations, RR, HR, and CO continuously monitored. On occasion, some subjects were 
instructed to breathe on this randomly selected ITD for more than 2 minutes when there 
was a need to wait for the BP cuff to inflate or adjust some of the EKG/ICG BioZ 
Module leads. After a minimum of 2 minutes, the measurements were recorded, their 
verbally indicated Borg score was written, and the setting of the ITD was recorded. Also, 
the used ITD was set aside and no longer available for selection. 
After breathing on each ITD, subjects were instructed to breathe on the baseline 
ITD again for a 2 minute period. Sometimes, subjects were instructed to breathe on the 
baseline ITD for a longer period of time to allow more time for the BP cuff to inflate and 
get an accurate reading. After 2 minutes, their physiological measurements were recorded. 
Subjects were then asked to repeat the process of selecting a random ITD from the box. 
The processed is summarized in Table 1. 
Table 1. Experiment Timeline. 
2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min ≥ 2 min 2 min 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline Randomly 
assigned 
cracking 
pressure 
Baseline 
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Measurement of Physiological Variables
 
The ICG BioZ Module was used to measure a subject’s cardiac output non-
invasively with a combination of the EKG and thoracoelectric bioimpedance (TEB) 
devices. Thirteen electrical leads were placed on a subject’s neck and chest. The EKG 
had 5 leads that need to be attached to the chest. These leads were used to measure HR 
and RR. The HR was used to calculate the CO. The 8 TEB leads were used to detect SV 
of the heart. The ICG BioZ module required the leads to be placed on the neck and 
ribcage. The SV, which was determined by averaging the SV acquired from a set number 
of cardiac cycles, were used to calculate the subject’s CO.4 The CO was calculated by 
multiplying the subject’s HR times their averaged SV.9 
 In addition to the ICG BioZ Module, 2 other instruments were added to the 
apparatus to measure BP and SpO2. The type of BP cuff used was a self-inflating BP cuff 
that could be activated when needed. The pulse oximeter was used to measure the 
subject’s arterial blood saturation and HR. It used a padded clip to attach to the subject’s 
finger. With the usage of an LED light and photoreceptors, it was able to give an 
estimation of oxygen saturation in arterial blood. 
The Impedance Threshold Device 
The ITD, see Figure 1, was used to provide variable inspiratory cracking 
pressures to the subjects. These particular ITDs were marketed as inspiraratory muscle 
trainers. It used a spring and diaphragm to impede a person’s inhalation until they created 
certain amount of subatmospheric intrathoracic pressure in their lungs. The cracking 
pressure on the ITD could be adjusted to different magnitudes of cracking pressures from 
46 
 
-7 cm H2O to -41 cm H2O. Cracking pressures were marked in increments of 2, limiting 
the possible cracking pressure settings the ITD could be set on. The cracking pressure 
settings of the ITD that were within the range of 0 to -20 cm H2O and had a separation 
somewhat close to 5 cm H2O were determined to be -7, -11, -15, and -19 cm H2O. The 
settings of each ITD were verified using a Negative Inspiratory Force meter and a 3L 
syringe. The settings of the ITDs were assigned to different colors. White = baseline 0, 
Blue = -7, Green = -11, Orange = -15, and Red = -19.
 
Figure 1. The ITD designed by Threshold. 
 
 
Measurement of Perceived Exertion 
The modified Borg Scale for Perceived Exertion, as seen in Table 2, was used to 
assess the effort subjects felt that they have to exert while breathing through the ITD. It is 
a scale that has been commonly used to rate “how [the] whole body [felt] in response to 
an activity.”10 It is a 12 point scale that ranged from a score of 0 to a score of 10. Only 10 
of the 12 points were labeled with words indicating a perceived exertion status. A rating 
of 0 indicated that the subjects felt that they did not have to exert any effort at all while 
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breathing through the ITD. A rating of 10 indicated that the subjects felt that they had to 
exert so much effort to breathe through the ITD that they just could not use it anymore. 
Table 2. The Modified Borg Scale for Perceived Exertion 
0 No effort 
0.5 Very, very slight effort (just noticeable) 
1 Very slight effort 
2 Slight effort 
3 Moderate effort 
4 Somewhat strong effort 
5 Strong effort 
6 Very strong effort 
7  
8  
9 Very, very strong effort (almost maximal effort) 
10 Maximal effort 
 
Data Analysis 
To identify the characteristics of the sample, the means and standard deviations of 
the subjects’ physiological variables were calculated and compared to normal values for 
age and gender. 
To determine if there was a significant relationship or difference between Borg 
scores and cracking pressures, a Pierson correlation coefficient was calculated and an 
analysis of variance was performed. Also, the percentage of Borg scores over “very 
strong effort,” was calculated to see if there was a variable difference between the 
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cracking pressures as they became more negative. Any significant differences were 
evaluated using a Tukey’s Post-hoc. 
To determine if there was a significant relationship or difference between 
cracking pressures and the physiological variables a Pierson correlation coefficient was 
calculated and an analysis of variance (ANOVA) was performed. During the study, if the 
ICG BioZ Module was incapable of making a proper reading, the CO evaluated at the 
time was not included along with the other measurements during that particular time.
 
Results 
Twenty-five individuals volunteered, 23 subjects qualified, and 21 completed the 
study.  The demographic and physiological variables of the subjects (n = 21), breathing 
through an ITD set at a cracking pressure of 0 cm H2O, are described in Table 3. 
Table 3.  Demographic and physiological variables of the subjects breathing on an ITD set at 0 cm H2O. 
Physiological Variables (Units) Mean Std. Deviation 
Age (years) 23.2 3.3 
Height (inches) 67.6 3.1 
Weight (lbs.) 152.2 24.2 
Heart Rate (beats/min) 67.6 10.0 
Respiratory Rate (breaths/min) 17.7 5.6 
Systolic Blood Pressure (mm Hg) 113.1 12.4 
Diastolic Blood Pressure (mm Hg) 66.9 5.2 
Pulse Pressure (mm Hg) 46.3 10.8 
Mean Arterial Pressure (mm Hg) 82.3 6.6 
SpO2 (%) 98.1 1.4 
Cardiac Index  (L/min/m
2
) 2.7 0.4 
Cardiac Output (L/min) 4.8 0.9 
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 During the experiment, each subject breathed on a total of 5 different cracking 
pressure settings and declared their breathing effort using the Borg Scale for Perceived 
Exertion. Table 4 presents the Pearson correlation coefficient between cracking pressures 
(set at -7, -11, -15, and -19 cm H2O) and Borg scale scores. There was a statistically 
significant strong negative correlation between cracking pressures and Borg scale scores 
 
(r = -0.814, p < 0.01). Therefore, subjects indicated that they felt they had to exert more 
effort as the cracking pressure became more negative. 
The means and standard deviations of the Borg scale scores for each cracking 
pressure are provided in Table 5. The means for both the cracking pressures of 0 cm H2O 
and -7 cm H2O were each significantly different from the means of the four other 
cracking pressures (p < 0.05). Also, there were statistically significant differences of the 
means between the cracking pressures of -11 cm H2O and -19 cm H2O (p < 0.05). There 
were no statistically significant differences between the means of -11 cm H2O and -15 cm 
H2O or -15 cm H2O and -19 cm H2O. Some subjects reported Borg scale scores of 6 or 
greater while they were breathing on cracking pressures set at -11 cm H2O or lower, as 
shown in Table 5. The percentage of subjects indicating a score of 6 or greater increased 
as the cracking pressures became more negative. As the magnitude of the cracking 
pressures on the ITD increased, more subjects reported the feeling of having to exert a 
“very strong effort” or greater. 
Table 4. Correlation between Cracking pressures and Borg scale scores. 
Pearson correlation -.814
**
 
Sig. (2-tailed) .000 
N 105 
**. p < 0.01 level (2-tailed). 
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Table 6 presents the Pearson correlation coefficients between cracking pressures 
and the measured physiological variables. There were no statistically significant 
correlations between the cracking pressures and any of the physiological variables 
measured. The physiological variables were not likely affected by changes in cracking 
pressures. Although there was the possibility of 105 physiological variables and Borg 
scale scores that could be measured, the n for CI and CO was 99 due to the occasional 
misreading of the non-invasive CO monitor. 
 
Table 7 compares the means of the physiological variables for each cracking 
pressure. An ANOVA analysis on these means indicated that there were no statistically 
significant differences between the means of any physiological variables while subjects 
were breathing on the 5 cracking pressures. 
Table 5. Means and Percentages of reported Borg scale scores greater than 6. 
Cracking pressure 
(cm H2O) Mean SD 
% Borg scale score < 6 
(N) 
% Borg scale score ≥ 6 
(N) 
0 0.26
a 
0.37 100 (21)  
-7 2.69
a
 1.17 100 (21)  
-11 3.91
b
 1.61 81 (17) 19 (4) 
-15 4.66 1.58 71 (15) 29 (6) 
-19 5.79
 b
 1.64 57 (12) 43 (9) 
a. These means were different from the means of the 4 other cracking pressures (p < 0.05). 
b. These means were different from each other (p < 0.05). 
Table 6. Correlation between Cracking pressures and Physiological variables. 
 HR RR  SBP DBP PP MAP SpO2 CI CO 
Pearson correlation -.108 .015 .107 .098 .065 .118 -.113 -.087 -.055 
Sig. (2-tailed) .272 .878 .276 .321 .507 .232 .251 .393 .589 
N 105 105 105 105 105 105 105 99 99 
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Table 7. ANOVA comparison of Cracking pressures and Physiological variables. 
Cracking 
pressure 
(cm H2O) 
HR RR 
Systolic 
BP 
Diastolic 
BP 
PP MAP SpO2 CI CO 
0 
67.6 17.7 113.1 66.9 46.3 82.3 98.1 2.7 4.8 
(10.0) (5.6) (12.4) (5.2) (10.8) (6.6) (1.4) (0.4) (0.9) 
-7 
70.0 16.5 109.4 63.3 46.1 78.7 98.0 2.8 5.0 
(9.7) (5.4) (12.3) (5.8) (10.9) (6.8) (1.5) (0.4) (0.9) 
-11 
69.6 14.9 108.1 63.5 44.6 78.4 98.6 2.7 4.9 
(10.2) (4.7) (14.2) (6.5) (12.0) (8.0) (1.4) (0.3) (0.7) 
-15 
70.3 17.5 110.0 65.5 44.5 80.3 98.2 2.7 5.0 
(9.8) (7.7) (12.1) (7.6) (11.5) (7.6) (1.5) (0.3) (0.8) 
-19 
71.0 17.2 108.4 63.9 44.5 78.8 98.5 2.8 5.0 
(9.6) (8.8) (14.0) (8.3) (10.9) (9.2) (1.2) (0.3) (0.7) 
Reported as Mean (SD). 
 
Discussion 
There are multiple scenarios when a spontaneously breathing person can 
experience a sudden onset of hypotension. Acute hypotension has been shown to 
correlate with individuals experiencing orthostatic intolerance or motion sickness.
5, 11
 
Recovery or delay from the hypotension that occurs during these scenarios can “[delay] 
the onset of presyncopal symptoms and [help people maintain] consciousness.”7 In this 
study, it was assumed that delaying acute hypotension would effectively decrease the 
severity of its symptoms. The current means available to deal with acute hypotension in 
normovolemic, normotensive, spontaneously breathing individuals are to treat its 
symptoms, which usually involve pharmaceuticals.
12
 Sailors or aviators take drugs to 
treat their motion sickness.
12 
However, the drugs that the sailors and aviators take to treat 
their motion sickness can cause drowsiness.
12
 Therefore, finding a cheap, natural, and 
effective way to delay acute hypotension, before its symptoms occur, is highly desirable. 
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The objectives were not met in this study. However, several assumptions could be made 
about the ITD from the results of this study. 
Since previous studies have shown that an ITD can increase CO, it was assumed 
that the ITD would have a prophylactic effect on acute hypotension.
7
 However, in order 
for this to be true, the ITD would have to demonstrate the capability of raising CO within 
a short time period. Lurie’s study on the acute effects of the ITD on normovolemic and 
hypovolemic pigs demonstrated that two minutes was enough time to cause a change in 
BP.
3
 While Lurie’s subjects were breathing on the ITD, their BP increased within a 2 
minute interval.
3
 Lurie’s results contradict the results of this study, which show that there 
are no acute physiological changes associated the ITD while an individual is breathing on 
it for a 2 minute time period. There were no statistically significant relationships between 
negative inspiratory pressure and HR, Systolic BP, Diastolic BP, MAP, SpO2, CI, or CO. 
A change in the cracking pressures of the ITDs were shown to only affect the amount of 
exertion one felt while breathing on an ITD. Subjects felt they were exerting more effort 
as the cracking pressures of their ITDs became more negative. The different methods in 
acquiring BP could be a possible reason for the contrasting conclusions. Lurie’s study 
measured BP invasively and continuously via an aortic pressure transducer.
3
 An 
automated BP cuff was used to measure BP in this study. The fact that an aortic pressure 
transducer can measure BP continuously and more accurately than a BP cuff may have 
helped Lurie detect acute changes in BP more frequently. However, Convertino was able 
to detect changes in BP in his subjects using an inflatable BP cuff, which makes it likely 
that another factor is determines whether acute changes in BP can be detected.
4
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It may require more time for the ITD to cause physiological changes in humans 
compared to pigs. The results of our study and Convertino’s study evaluating the 
hemodynamics of 20 healthy, normotensive, nonsmoking men and women breathing on 
an ITD suggests that it takes longer than 2 minutes for the effects of the ITD to occur 
within normovolemic, normotensive, spontaneously breathing human beings.
4
 Convertino 
found that there was a statistically significant increase in SBP, DBP, HR, and CO using 
an ITD set at a cracking pressure of -6 cm H2O.
 4
 However, despite the fact that the 
subjects in our study were breathing on ITDs set at even more negative pressures than -6 
cm H2O, Convertino’s results were not replicated. Even though our subjects were clearly 
feeling like they had to exert more effort as the cracking pressures became more negative, 
their physiological variables were not different from their baseline values. There is no 
relationship between a “very strong effort” Borg score and changes in our physiology. 
This suggests that humans may feel like they are exerting an extraordinary amount of 
effort to utilize the device, but it will not necessarily cause any instantaneous 
physiological changes. Also, the different results may be attributed to the differences in 
methodology, between our study and Convertino’s study, on the amount of time the 
subjects breathed on the ITD. In Convertino’s study, the subjects breathed on the ITD for 
14 minutes.
4
 The amount of time Convertino made his subjects breathe on the ITD was 7 
times longer than the 2 minutes minimum our subjects had to do. As long as the cracking 
pressure is providing a resistance of -6 H2O, the magnitude of the cracking pressure 
settings of the ITD does not appear to be a major factor in determining the effectiveness 
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of the ITD, it seems that the amount of time someone breathes on an ITD plays a more 
influential role on its effectiveness to alter human physiology. 
Extending the amount of time a subject breathes on an ITD in our subjects from 2 
minutes to 3 minutes may be all that is needed for the ITD to cause acute changes in our 
physiology. Cooke had his subjects breathe on a -7 cm H2O ITD at a constant rate of 15 
breaths per minute for 3 minutes while staying in a supine position.
6 
These conditions 
caused an increase in arterial pressure, HR, and mean cerebral blood flow velocity 
(CBFV) within their subjects.
6
 However, this also brings more questions because the 
subjects in Cooke’s studies were not spontaneously breathing. Is there a significant 
difference between the effects of the ITD on people are spontaneously breathing on it in 
compared to the people who are breathing on it at a controlled RR. Also, Cooke was 
measuring BP continuously, which suggests that our usage of an inflatable BP cuff 
limited our ability to detect some of the acute changes of BP that could have been cause 
by the ITD. In order to detect any physiological changes of BP on someone who is 
breathing on an ITD for 2 to 3 minute intervals, the results of our study, Lurie’s study, 
and Cooke’s study suggests that it is necessary to use a BP monitoring device that 
measures BP continuously. 
Limitations 
The focus of our study was not the amount of time it took for an ITD to 
effectively influence our physiology. Instead, we focused on evaluating how the 
magnitudes of different ITD cracking pressure settings would affect our subjects. Also, 
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by not measuring BP continuously, acute changes in BP may have not been detected 
during each time interval. A known standard in the amount of time it takes for the ITD to 
cause acute physiological changes while measuring BP continuously could better help us 
determine if the cracking pressure magnitude of the ITD really does have a significant 
role in determining the effectiveness of the device. 
Conclusion 
Our results lead to the conclusion that while the ITD can make normovolemic, 
normotensive, spontaneously breathing individuals feel like they are exerting more effort 
as the magnitude of its cracking pressure becomes more negative, there is no evidence to 
support that it causes any physiological changes within a 2 minute time period. The 
amount of time a subject spends breathing on an ITD, the ability of the investigator to 
measure BP continuously, and the way a subject breathes on the ITD appear to be the 
main factors in detecting its acute physiological effects. Therefore, it does not seem 
appropriate to expect that the ITD will provide instant relief for humans experiencing 
acute hypotension if they breathe on it for only a short period of time. 
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Chapter V 
Summary and Conclusions 
Our results lead to the conclusion that while the ITD can make normovolemic, 
normotensive, spontaneously breathing individuals feel like they are exerting more effort 
as the magnitude of its cracking pressure becomes more negative, there is no evidence to 
support that it causes any physiological changes within a 2 minute time period. The 
amount of time a subject spends breathing on an ITD, the ability of the investigator to 
measure BP continuously, and the way a subject breathes on the ITD appear to be the 
main factors in detecting its acute physiological effects. There is no relationship between 
a “very strong effort” Borg score and changes in our physiology. Humans may feel like 
they are exerting an extraordinary amount of effort to utilize the device, but it will not 
necessarily cause any instantaneous physiological changes. Therefore, it does not seem 
appropriate to expect that the ITD will provide instant relief for humans experiencing 
acute hypotension if they breathe on it for only a short period of time.  
The lack of physiological changes that occurred within the subjects while they 
were breathing on the ITD suggests that it might have been beneficial to increase the 
amount of time the subjects breathed on the ITD. While evaluating the articles, there 
were no standards as to how much time was needed for the ITD to cause physiological 
changes within a human being. Considering how Convertino and Cooke were able to 
cause physiological changes by putting people on a -6 cm H2O ITD for 14 minutes and 
three minutes respectively, it may have been to ask the subjects to breathe on the ITD for 
60 
 
those lengths of time. However, Lurie’s study had convincing evidence that the ITD 
could cause acute physiological changes could be caused within a 2 minute time period.
2
 
Also, more negative cracking pressures of -7 cm H2O, -11 cm H2O, -15 cm H2O, and -19 
cm H2O were being used in our study. Nevertheless, there appeared to be no relationship 
between the magnitude of the cracking pressures and changes in physiology. Clearly, it 
seems apparent that the amount of time someone breathed on an ITD is even more 
important than the magnitude of the ITD cracking pressure. Knowing this fact, 
conducting a study, which evaluated the amount of time it took for an ITD to cause 
physiological changes, probably would have been the more logical study to do before this 
study so that a standard amount of time necessary to cause physiological changes could 
be indentified and used for this study. 
The completion of this study, “The Evaluation of Multiple Impedance Thresholds 
on Cardiac Output and Perceived Exertion” mostly left us asking more questions. If the 
amount of time someone breathes on the ITD determines how effective an ITD is, how 
much time is necessary to cause these changes? Why are there no time or RR standards 
on how to effectively use this device? Does the magnitude of the cracking pressure still 
play a role in determining the effectiveness of the ITD if it is used for longer periods of 
time? This study leads to the conclusion that more tests need to be done to standardize the 
usage of this ITD. 
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Appendix C 
Mass Recruitment E-mail 
PLEASE SEND ALL REPLIES TO ha.47@osu.edu 
Hello Fellow SAMP Student, 
My name is Richard Ha. I am a Medical Technology student who is seeking volunteers 
for a research study being done at Atwell Hall. I am hoping you can lend me an hour of 
your time during the month of July to participate in my study.  
The study would require you to breathe through a plastic mouthpiece device for 20 
minutes and wear some EKG pads while I monitor your cardiac function. I attached a 
flier which describes the requirements of the participants in some detail. There will be a 
drawing for two $25.00 VISA debit cards for those who participate in the study. I am 
hoping to recruit 20 people. 
Will you please participate in my study?  To schedule your hour, please see available 
times posted at http://amp.osu.edu/rt/research-schedule.cfm and SEND AN E-MAIL TO 
ha.47@osu.edu with 1 or 2 selected dates/times. I'll reply to confirm and send you the 
consent form. 
If you have any questions, I can be reached at ha.47@osu.edu or 614-634-1472. 
Thanks, 
Richard D. Ha 
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Telephone script 
Caller: Hi, I [saw your flier or got word] about a research study you are 
conducting and would like to volunteer for it. 
Researcher: Well, thanks for calling. Yes, I am the one recruiting people to participate 
in our research project. The name is Richard. May I ask what your name 
is? 
Caller:  [Caller gives name] 
Researcher: Nice to hear from you [caller]. Well, talking about the project, there are a 
few things I need to check. First, are you at least 18 years old? 
Caller: [Caller answers “yes” or “no.” If caller says “yes,” conversation will 
continue. If caller says “no,” researcher will attempt to end the 
conversation and politely indicate to the caller that they will not qualify 
for the experiment.] 
Researcher: “Yes?” Well good. Have you ever had any health problems with your 
heart or lungs? 
Caller: [Caller answers “yes” or “no.” If caller says “no,” conversation will 
continue. If caller says “yes,” researcher will attempt to end the 
conversation and politely indicate to the caller that they will not qualify 
for the experiment.] 
Researcher: “No?” Glad to hear you are well. Do you smoke? 
Caller: [Caller answers “yes” or “no.” If caller says “no,” conversation will 
continue. If caller says “yes,” researcher will attempt to end the 
conversation and politely indicate to the caller that they will not qualify 
for the experiment.] 
Researcher: “No” is good. Are you pregnant or do you suspect that you may be 
pregnant? 
Caller: [Caller answers “yes” or “no.” If caller says “no,” conversation will 
continue. If caller says “yes,” researcher will attempt to end the 
conversation and politely indicate to the caller that they will not qualify 
for the experiment.] 
Researcher: Okay. Have you had any trouble walking for twenty minutes? 
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Caller: [Caller answers “yes” or “no.” If caller says “no,” conversation will 
continue. If caller says “yes,” researcher will attempt to end the 
conversation and politely indicate to the caller that they will not qualify 
for the experiment.] 
Researcher: Well, you passed our initial phone screening. I will tell you a little bit 
about the study now. Please feel free to ask me questions at any point. You 
ready for a big explanation? 
Caller: [Caller answers “yes” or “no.” If caller says “yes,” conversation will 
continue. If caller says “no,” researcher will attempt to end the 
conversation or break the one upcoming explanation into smaller 
explanations if the caller requests it.] 
Researcher: We are conducting a research project called, “The Evaluation of Multiple 
Impedance Thresholds on Cardiac Output and Perceived Exertion. The 
study takes a look at how your heart would respond and how you would 
feel while breathing on a spring loaded device called an “Inspiratory 
Muscle Trainer.” During the study, we would require you to breathe 
through that plastic device. It is kind of like breathing through a straw and 
it offers adjustable resistances to your breathing.  We would also ask that 
you allow us to place some pads on your chest and neck to let us monitor 
your heart. All the tools being used are safe and being sold to hospitals 
right now. The whole procedure would last for about an hour.  
We are conducting this study in room 443 Atwell hall. You would have to 
go through another health screening set up for you at the study site that 
would check your blood pressure, heart rate, respiratory rate, how much 
oxygen is in your blood, strength of your lungs, and cardiac output to see 
if your measurements are normal. As a result, you would have to wear 
loose fitting clothing. If you pass our screenings, qualify for our study, and 
consider participating in our study, you will be eligible to win a raffle we 
are holding for all subjects. After hearing all that, would you be willing to 
participate in our study?  
Caller: [Caller answers “yes” or “no” and asks specific questions if necessary. If 
subject says “yes,” conversation will continue. If caller says “no,” 
researcher will attempt to end the conversation and politely thank the 
caller.] 
Researcher: Great! When are you available to come see us? 
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Caller: [indicates availability] 
Researcher: Thanks very much. We will see you then. Do you have any more 
questions? 
Caller: [Caller answers “yes” or “no.” If caller says “yes,” conversation will 
continue. If caller says “no,” researcher will attempt to end the 
conversation and politely thank the caller.] 
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Confirmatory E-mail 
Thanks for volunteering. 
Before we get started, I have a few questions to ask. Please e-mail me your replies. 
  
Are you at least 18 years old? 
Have you ever had any health problems with your heart or lungs? 
Do you smoke? 
Are you pregnant or do you suspect that you may be pregnant? 
Have you had any trouble walking for twenty minutes? 
  
Please let me know if you have anymore questions. I attached more information 
concerning the study on this e-mail. They include a consent form and an information 
sheet about the study. Please refer to #3 on the consent form if you would like to know 
what exactly will be done. 
 
I hope to hear from you soon. 
 
When you come in for the experiment, it is highly recommended you wear a t-shirt and a 
sport's bra or something to cover you up. We are going to ask you to place the EKG leads 
on yourself in a secluded place, then wear your t-shirt over the leads. 
 
I will also send you a reminder e-mail a couple of days before you are supposed to come 
in. 
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